###### Significance of this study

What is already known about this subject?
=========================================

-   Urinary myoinositol (UMI) is increased in subjects with diabetes. Therefore, measuring UMI during a 75 g oral glucose loading is a useful and non-invasive screening method for diabetes at hospital. However, it has not been widely accepted because it cannot be used as a diagnosis of diabetes, even if it is performed at hospital. We therefore conducted studies to establish a simple screening method for diabetes based on myoinositol levels in urine samples collected at home.

What are the new findings?
==========================

-   Different from urinary glucose (UG), UMI was stable at room temperature (RT) and 37°C. The estimated shelf life of UMI was sufficiently long to permit a urine sample collected at home to be mailed to the laboratory without preservative. Different from UG, no threshold for UMI was observed, and UMI was increased linearly along with an increase in plasma glucose. Therefore, the properties of UMI permit it to screen early stage of diabetes.

-   UMI levels from urine samples self-collected at home were closely associated with blood glucose parameters obtained from a 75 g oral glucose tolerance test (75gOGTT) and HbA1c at hospital. UMI was higher in subjects with diabetes than non-diabetes at wake-up time, premeal, 2 hours after ingestion of test meal and ΔUMI~0--2h~ at home. For the screening of diabetes, the area under the curve for receiver operating characteristics for UMI at 2 hours after ingestion of test meal and ΔUMI~0--2h~ at home were not inferior to that for HbA1c ≥48 mmol/mol (6.5%), which is the ADA criteria for diabetes at hospital (0.83, 0.82, and 0.90, respectively).

Introduction {#s1}
============

According to the International Diabetes Federation, the population of subjects with diabetes is explosively increasing in the world.[@R1] The number of patients with diabetes is estimated to be about 400 million,[@R2] and a quarter of them are not aware that they have diabetes.[@R3] Moreover, the lifestyle or pharmaceutical interventions for subjects with impaired glucose tolerance (IGT) but not impaired fasting glucose (IFG) could prevent the progression of diabetes and cardiovascular disease.[@R4] Therefore, to prevent them, the early detection of glucose intolerance (GI), especially postprandial hyperglycemia, is highly desirable.[@R8] However, in the incipient stage of diabetes, there are few subjective symptoms.[@R10] Because of this, the majority of such patients rarely visit a hospital, leading to a delay in the initiation of treatment.[@R12] Furthermore, 70% of subjects with diabetes live in developing countries, and access to medical care is frequently limited because of limited finances and a shortage of physicians.[@R3] Therefore, there is an urgent need to develop a simple, non-invasive, inexpensive, and precise mass-screening method that is available at home and would enable them to take the first steps toward undergoing further advanced examinations such as measuring fasting plasma glucose (FPG), hemoglobin A1c (HbA1c) and a 75 g oral glucose tolerance test (75gOGTT) at hospital.

###### Significance of this study

How might these results change the focus of research or clinical practice?
--------------------------------------------------------------------------

-   Screening for diabetes by mailing self-collected urine samples from home to the laboratory to measure UMI would enable us to select appropriate subjects who would need to have advanced examinations such as a 75gOGTT. The UMI test would be suitable for subjects with limited access to medical care because of financial problems and locality and would be the first step towards further medical examinations. It would lead to a more cost-effective screening for diabetes.

Myoinositol (MI; molecular weight 180.16) is structurally similar to D-glucose, and it is widely distributed in multiple organs.[@R14] The reabsorption of MI in renal tubules competes with urinary glucose (UG) in cases of hyperglycemia, resulting in high concentrations of MI being excreted into the urine.[@R16] It has been reported that urinary myoinositol (UMI) levels are increased in subjects with diabetes compared with controls.[@R16] In healthy subjects, approximately 16\~30 mg/day of MI is excreted in the urine, whereas, in subjects with diabetes, this level is increased to about 150\~220 mg/day.[@R17] It has been reported that ΔUMI, which is defined by a 2-hour post-75 g oral glucose loading UMI minus preload UMI, is a useful and non-invasive method for screening for GI.[@R19] However, different from a regular 75gOGTT, measuring UMI during a 75 g oral glucose loading cannot be used as a diagnosis of GI, even if it is performed at hospital. Therefore, measuring UMI to screen for GI in hospital has not been widely accepted. We therefore conducted studies to establish a simple screening method for undiagnosed diabetes based on MI levels in urine samples collected at home.

Materials and methods {#s2}
=====================

Measurement of UMI {#s2-1}
------------------

UMI was measured using an enzyme cycling method with MI dehydrogenase (Lucica MI, Asahi KASEI Pharma Co).[@R20] The sensitivity of detection was 10 µmol/L, and the coefficient of variation (CV) was 0.5%\~1.1%. Interassay and intra-assay CV were 0.5%\~1.1% and 0.4%\~1.3%, respectively.[@R21] To reduce the influence of renal function, UMI was corrected by urinary creatinine (UCr), except for stability test.

Study design and population {#s2-2}
---------------------------

### Study 1: testing the stability of UMI, UG and UCr at room temperature (RT) and 37°C {#s2-2-1}

Regarding mailing urine samples collected at home to a laboratory, we first evaluated the stability of UMI, UG, and UCr at RT (25°C) and under relatively severe conditions such as 37°C. Urine samples from 10 arbitrary outpatients with type 2 diabetes mellitus (T2DM) at Ehime University Hospital were stored without preservative in an incubator at 25°C or 37°C for 0, 1, 2, 3, 5, and 7 days. UMI, UG and UCr concentrations were measured at each of the above time points to assess the stability.

### Study 2: the clinical usefulness of MI in urine samples collected at home before and after the ingestion of the test meal {#s2-2-2}

We consecutively recruited Japanese volunteers who were attending medical check-up at Kitaishikai Hospital, Saijyo Central Hospital and Ehime University Hospital. Subjects with a current or history of diabetes and chronic renal dysfunction based on an estimated glomerular filtration rate (eGFR) of \<30 ml/min/1.73m^2^ were excluded. To diagnose GI (IGT or diabetes), we performed a 75gOGTT at hospital, and their HbA1c levels were measured. A diagnosis of IGT and diabetes were defined according to either FPG or 2-hour plasma glucose level after a 75gOGTT or the HbA1c based on American Diabetes Association (ADA) criteria.[@R22]

To assess the association between UMI or UG and plasma glucose (PG), we also collected urine samples at 0 and 2 hours after glucose ingestion from a sequence of 46 subjects at Ehime University Hospital. These urine samples, without preservative, were immediately shipped to a single laboratory (Bio Medical Laboratories, Inc) at ambient temperature (5°C--26°C in Ehime prefecture), and UMI and UG levels were measured within 24 hours of the urine collection.

Within a week after the 75gOGTT at hospital, the participants ingested a test meal (commercially available energy bar: Calorie Mate 500 kcal: carbohydrate 51 g, fat 28 g, protein 11 g, Otsuka Pharmaceutical Co, Ltd) at home.[@R23] There was a close correlation between plasma glucose levels at 2-hour post-75gOGTT and at 1 hour postingestion of this test meal (*R^2^*=0.67, p\<0.001).

The participants collected urine samples (15 mL) at home at three points: (1) wake-up time (fasting first urine), (2) premeal (0 hour, 08:00), and (3) 2 hours after ingestion of the test meal (2-hour postprandial, 10:00). These urine samples without preservative were shipped to a single laboratory at ambient temperature, and the UMI and UCr levels were then measured within 2 days of their collection ([online supplementary figure 1](#SP1){ref-type="supplementary-material"}). The ΔUMI was defined as the 2-hour postprandial UMI minus the premeal UMI.
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Written informed consent was obtained from all participants prior to their enrollment in this study.

Statistical analysis {#s2-3}
--------------------

To assess the stability of UMI, UG, and UCr, we calculated the CV from 0 to 7 days. We considered samples to be stable if CV was within 5%. We also estimated the shelf life as previously described.[@R25] Briefly, the shelf life data were calculated from the regression line (95% confidence limits line) of 6 data points (0, 1, 2, 3, 5, and 7 days) and the lower acceptance criteria of 90% of the reference (day 0).

To evaluate the association between glucose parameters and UMI, we performed multivariate regression analyses adjusted for age, sex, body mass index (BMI), and serum creatinine. The Mann-Whitney test was used to compare the subjects with or without diabetes. Differences in longitudinal data in the two groups were assessed by repeated-measure analysis of variance (ANOVA). To compare the normal glucose tolerance (NGT), IGT, and T2DM, one-way ANOVA or Kruskal-Wallis test were used. The values were expressed as the mean±SD or SE. To determine the utility of UMI for screening of diabetes or GI, we performed receiver operating characteristics (ROC) curve analyses based on STARD 2015 guidelines.[@R28] Based on a previous report,[@R19] we calculated the required sample size. The data indicated that a sample size of 44 would be needed to detect a minimum difference between the groups for a 5% change (α=0.05, 90% power). Statistical analyses were carried out using JMP V.13. Difference yielding p\<0.05 was considered to be statistically significant.

Results {#s3}
=======

Study 1 {#s3-1}
-------

### UMI was stable at RT and 37°C {#s3-1-1}

We first evaluated the stability of UMI and UG from 10 outpatients with T2DM. Their clinical characteristics are summarized in [online supplementary table 1](#SP1){ref-type="supplementary-material"}. Stability tests revealed that, at RT, the CV of UMI from 0 to 7 days were less than 5%. Even under severe conditions such as 37°C, UMI was stable and CVs were less than 5% except for one sample. In contrast, UG was unstable at RT. In most of the samples, the CV of UG from 0 to 7 days were more than 5% at RT. This phenomenon was even more obvious at 37°C ([online supplementary table 1](#SP1){ref-type="supplementary-material"}). The estimated shelf life of UMI was sufficiently long to permit a urine sample collected at home to be mailed to the laboratory when stored at RT and 37°C (46 days and 18 days, respectively). However, the estimated shelf life of UG was very short at RT and 37°C (1 day and 0 day, respectively). Furthermore, the estimated shelf life of UCr was 7 days at RT and 2 days at 37°C.

Therefore, we focused on the usefulness of UMI for screening for undiagnosed diabetes in urine samples collected at home.

Study 2 {#s3-2}
-------

### Characteristics of the participants in the study 2 {#s3-2-1}

We enrolled 115 Japanese volunteers without a current or past history of diabetes. Their clinical characteristics are summarized in [table 1](#T1){ref-type="table"}. A 75gOGTT revealed that 63 subjects had NGT, 29 had IGT, and 23 had T2DM. FPG and HbA1c in the T2DM group were 6.6±1.1 mmol/L (118±21.2 mg/dL) and 40.6±4.6 mmol/mol (5.9%±0.4 %), respectively. The average age was higher and renal function was lower in the IGT or T2DM group than the NGT group.

###### 

Characteristics of participants in the study 2

                                      NGT                   IGT                         T2DM                         P value
  ----------------------------------- --------------------- --------------------------- ---------------------------- ----------
  Age, years                          47.4±12.0             65.4±9.4                    63.9±9.9                     \<0.0001
  Gender, n (male/female)             63 (15/48)            29 (9/20)                   23 (12/11)                   0.0427
  BMI, kg/m^2^                        23.4±4.0              24.2±3.5                    24.5±3.0                     0.3837
  FPG, mmol/L (mg/dL)                 5.0±0.4 (90±6.7)       5.6±0.7 (101±11.9)\*\*\*    6.6±1.1 (118±21.2)\*\*\*    \<0.0001
  2-hour PG, mmol/L (mg/dL)           5.5±1.0 (99±18.0)      8.9±1.0 (161±17.6)\*\*\*    12.9±2.9 (233±51.4)\*\*\*   \<0.0001
  FIRI, pmol/L (µIU/mL)               37.5±17.4 (5.4±2.5)   46.5±32.0 (6.7±4.6)         46.5±29.1 (6.7±4.2)          0.1412
  HbA1c, mmol/mol (%)                 31.2±3.7 (5.0±0.3)     36.0±3.9 (5.4±0.4)\*\*\*    40.6±4.6 (5.9±0.4)\*\*\*    \<0.0001
  Total cholesterol, mmol/L (mg/dL)   5.3±1.1 (203±40.9)    5.2±0.9 (200±34.8)          5.3±1.4 (203±53.3)           0.92
  HDL cholesterol, mmol/L (mg/dL)     1.7±0.5 (66±21.0)     1.4±0.4 (54±14.8)\*         1.4±0.4 (52±14.8)\*\*        0.0018
  eGFR, ml/min/1.73m^2^               83.0±20.1              74.0±16.9\*                 68.7±15.6\*\*               0.0005

The values were presented as mean±SD or n.

\*P\<0.05; versus NGT, \*\*p\<0.01; versus NGT, and \*\*\*p\<0.001; versus NGT.

BMI, body mass index; eGFR, estimated glomerular filtration rate; FIRI, fasting immunoreactive insulin; FPG, fasting plasma glucose; HDL, high-density lipoprotein; IGT, impaired glucose tolerance; NGT, normal glucose tolerance; PG, plasma glucose; T2DM, type 2 diabetes mellitus.

### Differing from UG, UMI was increased linearly along with an increase in plasma glucose, and no threshold for UMI was observed {#s3-2-2}

To examine the influence of plasma glucose levels on the excretion of UMI or UG, we collected urine samples at 2 hours after a 75gOGTT from a series of 46 subjects at Ehime University Hospital and measured the UMI and UG levels ([figure 1](#F1){ref-type="fig"}). It is well known that UG has a renal threshold for glucose. Consistent with previous reports,[@R29] UG at 2-hour post-75gOGTT (UG~2h-post-75gOGTT~) was detected via an increase in plasma glucose at 1-hour post-75gOGTT (plasma glucose~1h-post-75gOGTT~), and the threshold concentration for detection was approximately 8.9--10.5 mmol/L (160--190 mg/dL). In contrast, no such threshold for UMI at 2-hour post-75gOGTT (UMI~2h-post-75gOGTT~) was observed. UMI~2h-post-75gOGTT~ was increased linearly along with an increase in plasma glucose~1h-post-75gOGTT~ (*R^2^*=0.67, p\<0.001).

![The relation between plasma glucose concentration at 1-hour post-75gOGTT and UMI (A) or UG (B) excretion at 2-hour post-75gOGTT (n=46). UMI~2h-post-75gOGTT~, UMI/Cr at 2-hour post-75gOGTT; UG~2h-post-75gOGTT~, UG/Cr at 2-hour post-75gOGTT; and plasma glucose~1h-post-75gOGTT,~ plasma glucose level at 1-hour post-75gOGTT. 75gOGTT, 75 g oral glucose tolerance test; UG, urinary glucose; UMI, urinary myoinositol.](bmjdrc-2019-000984f01){#F1}

### Relation between glucose parameters from blood samples collected at hospital and MI levels from urine samples collected at home {#s3-2-3}

We next assessed the relation between glucose and HbA1c levels from blood samples collected at hospital and UMI levels in urine samples collected at home (n=115, [table 2](#T2){ref-type="table"}). Multivariate regression analyses revealed that after adjustment for age, sex, BMI and serum creatinine, UMI for all of the three time frames, including wake-up time (UMI~wake-up~), premeal (UMI~premeal~), 2-hour postprandial (UMI~2h-postprandial~), and ΔUMI were associated with glucose parameters obtained from a 75gOGTT and HbA1c at hospital. UMI~2h-postprandial~ at home was most closely associated with HbA1c and plasma glucose level fasting and at 2 hours after a 75gOGTT at ADA criteria for diabetes.

###### 

Relation between glucose parameters from blood samples collected at hospital and UMI levels from self-collected urine samples at home

  ----------------------------------------------------------------------------------------------------------
  Dependent variables        Independent variables   Non-standardized *β*\   Standardized *β*   P value
                                                     (95% CI)                                   
  -------------------------- ----------------------- ----------------------- ------------------ ------------
  75gOGTT\                   ln UMI~wake-up~         18.5 (9.5 to 27.4)      0.36               \<0.0001\*
  Fasting plasma glucose                                                                        

  ln UMI~premeal~            16.3 (7.2 to 25.4)      0.30                    0.0006\*           

  ln UMI~2h-postprandial~    21.9 (14.0 to 29.8)     0.44                    \<0.0001\*         

  ln Δ UMI                   4.9 (1.2 to 8.6)        0.24                    0.0097\*           

  75gOGTT\                   ln UMI~wake-up~         54.0 (24.9 to 83.1)     0.29               0.0004\*
  1-hour plasma glucose                                                                         

  ln UMI~premeal~            48.5 (18.1 to 78.8)     0.25                    0.0020\*           

  ln UMI~2h-postprandial~    73.8 (47.9 to 99.7)     0.41                    \<0.0001\*         

  ln Δ UMI                   12.5 (0.9 to 24.0)      0.18                    0.0347             

  75gOGTT\                   ln UMI~wake-up~         37.4 (3.7 to 71.0)      0.19               0.0298
  2-hour plasma glucose                                                                         

  ln UMI~premeal~            33.3 (0.2 to 66.3)      0.17                    0.0488             

  ln UMI~2h-postprandial~    72.5 (44.5 to 100.6)    0.40                    \<0.0001\*         

  ln Δ UMI                   17.8 (5.3 to 30.2)      0.25                    0.0058\*           

  75gOGTT\                   ln UMI~wake-up~         81.9 (37.2 to 126.7)    0.29               0.0005\*
  AUC~0~ ~--~ ~2h~ glucose                                                                      

  ln UMI~premeal~            73.3 (27.4 to 119.2)    0.24                    0.0020\*           

  ln UMI~2h-postprandial~    121.0 (82.9 to 159.1)   0.44                    \<0.0001\*         

  ln Δ UMI                   23.8 (6.1 to 41.5)      0.22                    0.0089\*           

  HbA1c                      ln UMI~wake-up~         0.33 (0.06 to 0.59)     0.20               0.0152

  ln UMI~premeal~            0.32 (0.06 to 0.59)     0.19                    0.0165             

  ln UMI~2h-postprandial~    0.55 (0.33 to 0.78)     0.36                    \<0.0001\*         

  ln Δ UMI                   0.13 (0.03 to 0.23)     0.21                    0.0133             
  ----------------------------------------------------------------------------------------------------------

Multivariable regression analyses adjusted for age, sex, BMI, and serum creatinine. Dependent variables: fasting plasma glucose, 1-hour post-75gOGTT plasma glucose, 2-hour post-75gOGTT plasma glucose, AUC~0--2h~ glucose of 75gOGTT, and HbA1c. Independent variables: the logarithm of UMI~wake-up~, UMI at wake-up time (fasting first urine); UMI~premeal~, UMI at premeal (fasting second urine); and UMI~2h-postprandial~, UMI at 2-hour postprandial. ΔUMI was defined by 2-hour postprandial UMI minus premeal UMI.

\*P values remained significant after Bonferroni's correction.

AUC, area under the curve; BMI, body mass index; 75gOGTT, 75 g oral glucose tolerance test; UMI, urinary myoinositol.

### UMI levels before and after ingestion of test meal at home were higher in subjects with diabetes {#s3-2-4}

Repeated measures ANOVA ([figure 2A](#F2){ref-type="fig"}) and Mann-Whitney test ([figure 2B--E](#F2){ref-type="fig"}) showed significant differences between diabetes and non-diabetes in UMI before and after ingestion of test meal at home. UMI~wake-up~, UMI~premeal~, UMI~2h-postprandial~, and ΔUMI were higher in subjects with diabetes than non-diabetes, even after adjusted for age, sex, BMI and serum creatinine (43.5±5.2 vs 23.2±2.5, p\<0.01, 36.2±4.6 vs 20.3±2.3, p\<0.01, 67.8±5.8 vs 24.3±2.9, p\<0.001, and 33.7±4.2 vs 4.3±2.1, p\<0.001, respectively).

![Comparison of UMI between subjects with or without diabetes during ingestion of test meal. (A) Solid line: subjects without diabetes (n=92); dotted line: subjects with diabetes (n=23). Error bars represent SE \*p\<0.001 computed by repeated-measures ANOVA. (B--E) Box plots indicating the 5th and 95th percentiles (vertical lines), 25th and 75th (boxes), and 50th percentiles (horizontal lines). \*P\<0.05 and \*\*p\<0.0001 computed by Mann-Whitney test. UMI~wake-up~, UMI at wake-up time; UMI~premeal~, UMI at premeal; UMI~2h-postprandial~, UMI at 2-hour postprandial; ΔUMI, UMI~2h-postprandial~ minus UMI~premeal~. ANOVA, analysis of variance; UMI, urinary myoinositol.](bmjdrc-2019-000984f02){#F2}

Furthermore, UMI~wake-up~, UMI~2h-postprandial~ and ΔUMI were higher in subjects with GI than NGT, even after adjusted for age, sex, BMI and serum creatinine (36.1±4.2 vs 20.7±3.6, p\<0.01, 47.7±5.0 vs 21.8±4.4, p\<0.01, and 19.3±3.6 vs 3.4±3.2, p\<0.05, respectively).

### ROC curve analyses to determine the optimum cut-off values of UMI associated with diabetes {#s3-2-5}

To further assess the usefulness of UMI levels in urine samples collected at home for the screening of diabetes, we performed ROC curve analyses ([table 3](#T3){ref-type="table"}). For the screening of diabetes, the area under the curve (AUC) for ROC (AUCROC) for UMI~2h-postprandial~ was 0.83, with a sensitivity of 76% and a specificity of 81% at a cut-off value of 32 mg/gCr (p\<0.0001). The AUCROC for ΔUMI was 0.82 with a sensitivity of 80% and a specificity of 80% at a cut-off value of 7.4 mg/gCr (p\<0.0001). The AUCROC for UMI~2h-postprandial~ and ΔUMI were not statistically inferior to that for HbA1c ≥48 mmol/mol (6.5%) using the ADA criteria for diabetes. Furthermore, for the screening of GI, the AUCROC for UMI~2h-postprandial~ was 0.74 and ΔUMI was 0.69 (p\<0.0001, [online supplementary table 2](#SP1){ref-type="supplementary-material"}).

###### 

Receiver operating characteristics (ROC) curve for potential predictors of diabetes

  Parameter                      AUCROC (95% CI)       Cut-off      P value of AUCROC compared with HbA1c   Sensitivity   Specificity   PPV    NPV
  ------------------------------ --------------------- ------------ --------------------------------------- ------------- ------------- ------ ------
  HbA1c, mmol/mol (%)            0.90 (0.83 to 0.98)   48 (6.5)\*   --                                      0.08          1.00          1.00   0.80
  UMI~wake-up~, mg/gCr           0.64 (0.49 to 0.78)   18           \<0.001                                 0.73          0.49          0.27   0.87
  UMI~premeal~, mg/gCr           0.62 (0.48 to 0.76)   14           \<0.0001                                0.64          0.40          0.23   0.80
  UMI~2h-postprandial~, mg/gCr   0.83 (0.73 to 0.93)   32           0.13                                    0.76          0.81          0.53   0.92
  ΔUMI, mg/gCr                   0.82 (0.71 to 0.93)   7.4          0.18                                    0.80          0.80          0.53   0.94

ΔUMI was defined as 2-hour postprandial UMI minus premeal UMI.

\*American Diabetes Association criteria for diabetes as HbA1c ≥48 mmol/mol (6.5%) was used as reference standard.

AUCROC, area under the ROC curve; NPV, negative predictive value; PPV, positive predictive value; UMI, urinary myoinositol; UMI~2h-postprandial~, UMI at 2-hour postprandial; UMI~premeal~, UMI at premeal (fasting second urine); UMI~wake-up~, UMI at wake-up time (fasting first urine).

These results suggest that measuring MI in urine samples collected at home before and after the ingestion of the commercially available test meal would be a simple and non-invasive screening method for diabetes.

Discussion {#s4}
==========

In the present study, we found that: (1) MI level in urine samples collected at home was associated with blood glucose parameters obtained from a 75gOGTT and HbA1c at hospital; (2) UMI~2h-postprandial~ was closely associated with plasma glucose level at before and 2 hours after a 75gOGTT at criteria for testing for diabetes in ADA; (3) UMI was higher in diabetic subjects than non-diabetic subjects and in subjects with GI than NGT even after adjusted for age, sex, BMI and serum creatinine. We obtained similar results when we included five subjects with isolated IFG in GI; and (4) no adverse events were observed in our UMI test.

We also found that, different from UG, no threshold for UMI was detected. UMI increased linearly with increasing plasma glucose ([figure 1](#F1){ref-type="fig"}). MI is transported from extracellular fluid via three inositol transporters: sodium-dependent MI transporters 1 and 2, and H^+^-myoinositol transporter, which cotransports myoinositol with H^+^.[@R14] These transporters are competed by D-glucose when hyperglycemia is present before UG is detected.[@R14] Actually, UMI levels were increased in subjects with diabetes even when their UG was not detected by a urine dipstick test (no.1, 108 mg/gCr and no.10, 97 mg/gCr in [online supplementary table 1](#SP1){ref-type="supplementary-material"}). Therefore, the properties of UMI permit it to screen early stage of T2DM. Indeed, in the present study, subjects had no current or history of diabetes, the majority of them were diagnosed by 2-hour plasma glucose level after a 75gOGTT, and HbA1c in the T2DM group was 40.6±4.6 mmol/mol (5.9%±0.4 %).

Shelf life testing demonstrated that different from UG, UMI was stable at RT and under more severe conditions as 37°C without preservative. However, compared with UMI, UCr was unstable at 37°C. The estimated shelf life of UCr was 7 days at RT and 2 days at 37°C. Therefore, correction for UCr is not acceptable under conditions of high temperature over 2 days. Concerning mailing a sample under severe conditions of high temperature, we further analyzed the usefulness of UCr-uncorrected UMI on the screening of diabetes. Even though the AUCROC of UMI~2h-postprandial~ and ΔUMI were slightly decreased (0.83 to 0.80 and 0.82 to 0.77, respectively), using UCr-uncorrected UMI may be reasonable under the condition of high temperature over 37°C ([online supplementary table 3](#SP1){ref-type="supplementary-material"}).

These results suggest that the UMI test would be suitable for subjects with limited access to medical care because of financial problems and locality and would be the first step towards further medical examinations. For example, subjects could mail urine samples collected at home before and after the ingestion of prescribed test meal like commercially available energy bar to a laboratory for analysis at ambient temperature, and when UMI was high, they could be advised to visit a medical institution for further advanced examinations of diabetes.

A 75gOGTT at a hospital is widely used as the gold standard for the screening and diagnosis of GI. However, (1) a 75gOGTT usually requires multiple (2--5 times) blood collections, (2) there is a risk of hyperglycemia and problems associated with blood collection, (3) it is a relatively costly test,[@R32] and (4) the test can be a burden for the staff if many subjects are scheduled at one time. However, the UMI test is (1) available at home, (2) non-invasive, (3) inexpensive (compared with a 75gOGTT at hospital, at one-tenth the price in Japan), and (4) the UMI test has a few limitations in terms of the number of samples. These results suggest that the UMI test, as discussed here, would be more suitable for mass screening for diabetes or GI than a 75gOGTT.

Previous studies have reported that UMI was increased in cases of renal failure.[@R33] Therefore, to reduce the impact of renal function on UMI, (1) we excluded subjects with chronic renal dysfunction (eGFR of \<30 ml/min/1.73m^2^), (2) UMI were corrected by UCr, and (3) we performed multivariate regression analyses adjusted for serum creatinine.

There are some limitations in this study. First, the period from the last meal to wake-up time when subjects first collected fasting urine was dependent on the individual. Therefore, the influence of the supper on UMI~wake-up~ may be different. Second, in the present study, we excluded subjects with eGFR \<30 ml/min/1.73m^2^. Therefore, to further clarify the influence of renal function on UMI for screening for diabetes, study of larger general population including subjects with several renal dysfunction will be necessary. Third, the urine samples were shipped to a single laboratory at ambient temperature at our region (5°C--26°C), and the UMI and UCr levels were then measured within 2 days of the urine collection. Therefore, further investigation of samples under various conditions, periods and temperature of storage will be necessary.

In conclusion, measuring MI levels in urine samples collected at home before and after the ingestion of the test meal would be a simple, non-invasive, and valuable screening method for diabetes in subjects without chronic renal dysfunction. UMI test at home would be more suitable for mass screening for diabetes as the first step toward further investigation such as a 75gOGTT for a more definitive diagnosis at hospital.
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